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INTRODUCTION 



"Infrastructure" is a word which has rapidly become 
familiar to engineers throughout this nation during the 
past decade. Mention of this word almost immediately 
brings to mind the inadequacy of many of this nation's 
public works systems^ among them a large number of water 
supply systems. Everyone agrees that within the next 
decade there will be tremendous shortages in water supply 
and that vast improvements need to be made, but nobody 
seems to know where all of the money needed to pay for 
these improvements will come from. The following case 
is the story of engineers who solved their water shortage 
problem by taking a new approach to water supply — improve- 
ments made not by new construction, but by better manage- 
ment of existing resources. 

This case documenting the problems of the Washington 
Metropolitan Area water supply examines how engineers 
must deal with both the technical and political aspects 
of an engineering dilemma. For ease of understanding this 
case is divided into six parts. Part A details the history 
of the problem and previously proposed solutions which have 
been rejected because of political opposition. Parts B,C 
and D study three independent projects which each greatly 
contributed toward a final solution, though each one could 
not have possibly solved the problem individually. Part E 
shows how a technical solution was achieved through coordi- 
nation of previous projects and cooperation of the local 
utilities, and Part F documents implementation of the solution 
and how it was politically accepted. It should be remembered 
that although a few people are mentioned by name in this study, 
the size limitations of this paper make it impossible to 
mention the hundreds of others who were indirectly involved 
in development of the solution. 
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PART A: DEFINITION OF THE PROBLEM 

The Basic Dilemma 

Many events which have shaped the history of this nation 
have occurred within the boundaries of the Potomac River Basin. 
The Potomac River and its tributaries flow through such legen- 
dary places as Gettysburg, Harpers Ferry, Mount Vernon, and our 
nation's capital. Residents of its banks are proud of the fact 
that the basic nature of the Potomac River has remained unchanged 
since colonists settled here, with the exception of Bloomington 
Dam which is located near the headwaters of the Potomac River 
System. In fact, Washington, D.C. is the only large American 
metropolitan area that is predominantly dependent on a free-flow- 
ing river for its water supply. Unfortunately, Washington is 
also one of three major areas in the northeast section of this 
country identified by the Corps of Engineers as having critical 
water supply problems. These two facts are not coincidental. 
They are intertwined in a dilemma which has faced engineers for 
many years — is it possible to develop a river into a dependable 
water resource while maintaining its natural, free-flowing state? 

Safe Yield Concepts 

Before discussing the existing water resources of the 
Washington Metropolitan Area (WMA) , the theory of safe yield 
should be understood. Safe yield of a reservoir is generally 
defined as the constant rate of withdrawal which will just empty 
the reservoir given a repeat of the worst drought in the histori- 
cal record. During drawdown, withdrawals exceed inflows, and 
the minimum storage (when the reservoir is empty) occurs just 
.^s inflows begin to exceed withdrawals. The critical period for 
^afe yield analysis on the reservoirs in this study is approxi- 
mately nine months. The safe yield of a river is defined simply 
as the historical low flow of the river. The concept of safe 
yield has been used for decades in determining the amount of 
water available for water supply. Following is a bleak safe 
yield comparison of existing WMA supplies versus the demand that 
must be met. 

Existing Water Resources 

In 1977, engineers of the WMA had five sources of water to 
draw upon, four reservoirs and a river, as shown in Exhibit A-1. 
Bloomington Reservoir, scheduled for completion in 1981 but 
incorporated into all studies since its authorization in 1971, 
supplies a safe yield of 135 million gallons per day (mgd) . The 
Potomac River, in operation with Savage Reservoir, provides a safe 
yield of 388 mgd. (Savage Reservoir was in operation on September 
13, 1966, when the minimum one-day flow of 388 mgd was recorded at 
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a Potomac River paging station. Since that record low flow the 
safe yield of the Potomac River and Savage Reservoir jointly has 
been taken as 388 mgd. In general^ however. Savage Reservoir is 
considered mainly as a water quality control resource augmenting 
releases from Bloomington Reservoir.) The net safe yield for 
water supply of the reservoirs on the Patuxent River is 35 mgd, 
while Occoquan Reservoir supplies 55 mgd. These totals, with 100 
mgd subtracted for minimum flowby at Washington, is shown in Ex- 
hibit A-1 to be 513 mgd. 

Supply vs. Demand 

In 1977 over ninety percent of the WMA was served by three 
major water utilities, the Fairfax County Water Authority (FCWA) , 
the Washington Suburban Sanitary Commission (WSSC) , and the Wash- 
ington Aquaduct Division (WAD) , as shown in Exhibit A-1. The 
FCWA serves counties in Northern Virginia solely from an intake 
on the Occoquan Reservoir. The WSSC serves southern Maryland from 
two intakes, one on the Potomac River and one on the Patuxent 
Reservoirs. The WAD is entirely dependent for its water supply 
from two intakes, both on the Potomac River. 

The average demands on these WMA utilities during the summer 
of 1977 ranged from 450 to 470 mgd, with peak demands well exceed- 
ing these figures. In fact, peak demands during the past ten years 
had exceeded the previously mentioned safe yield of 513 mgd over a 
hundred times. Luckily the peak demands never coincided with low 
Potomac flows, or many residents within the WMA would have been 
without water. 

In 1977 the future outlook for the WMA water supply system 
was as illustrated in Exhibits A-2 and A-3. Water shortages would 
soon occur within the system even if the Potomac were at average 
flow, and by the year 2020 deficits would be tre^hehdous. The same 

year in which these dismal forecasts were predicted 1977 ——FCWA 

nearly emptied Occoquan Reservoir and Fairfax County pondered 
closing schools and businesses to conserve water. This situation 
led to the realization that a solution needed to be found soon, 
and local engineers responded by searching for a solution. 

Previously Unsuccessful Proposals 

This desperate situation which faced WMA engineers in 1977 
was not a recent development. For thirty previous years an ade- 
quate solution had been searched for but never found. Most of the 
prior proposals emphasized the traditional "big dam" approach to 
water supply problems adopted by the Corps of Engineers. The 
first major proposal was drafted in 1963, including sixteen large 
reservoirs to be established throughout the Potomac River Basin 
as shown in Exhibit A-4. Though this plan also emphasized water 
quality and soil conservation, it was quickly squelched by immense 
public opposition in both the economic and environmental sectors. 
Subsequent proposed solutions have included well fields, recycling 
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of estuarine water containing a substantial proportion of treated 
wastewater, high flow skimming, raw and finished water inter- 
connections, and other projects ranging in cost between $200 
million and $1 billion in 1983 construction dollars. It must 
be stressed here that although all these proposals were ade- 
quate solutions to the engineering aspect of the problem, all 
failed because of intense public opposition to both the high 
costs and the large amount of fertile land which would have gone 
under water. 

Public Involvement 

As a result of the rejection of all of these plans because 
of public opposition, the Corps of Engineers initiated a public 
information and participation program of water supply for the 
WMA. An important aspect of this program was the public opinion 
survey conducted in mid-1977, which produced two helpful and 
fairly surprising recommendations. One discovery was that "there 
is a more definite desire for solving water supply problems 
locally, rather than in going to formerly identified upstream 
sites as sources for solving water supply problems."! This was a 
finding which would affect all future studies of the problem. 
The other public \ recommendation was to integrate water conser- 
vation into any final solution. Almost ninety percent of all who 
responded to the survey revealed that they would make conservation 
a habit during a shortage. Thus it appeared that rhe public 
desired a local solution to the problem and were willing to sacri- 
fice excessive water use to do so. The only problem was that no 
feasible local solutions were under consideration at this time. 

The Outlook 

In 1974, for the third time in three decades, the United 
States Congress directed that a thorough investigation be made 
of existing and future water supply needs of the WMA, and that 
recommendations be made to the U.S. Congress satisfying such 
needs. This direction is shown in Exhibit A-5, especially in 
paragraph (b) (1). Three years later, in 1977, local engineers 
were facing a major problem. Not only did they again have to 
submit a report to the Congress of the United States of America, 
but now the public desired a local solution to the problem when 
there were none under consideration. Most importantly, the 
residents of the WMA still faced the immediate possibility of 
being without water. The outlook was not good. 
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Legend 



Resource 

1 Blooming ton Reservoir 

2 Savage Reservoir 

3 Patuxent Reservoirs 

4 Occoquan Reservoir 

5 Potomac River 



WMA Water Service Areas 



Available Storage (MG) Safe Yield (MGD) 



30,000 
5,900 
10,100 
10,300 



Minimum Flowby 
Total Safe Yield 



lllillliillllilil Washington Aquaduct Division 
1^ Washington Suburban Sanitary Commission 

Fairfax County Water Authority 



135 

35 
55 
388 
613 
- 100 
513 



Exhibit A-1 
Potomac River Basin 
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PART B: THE REREGULATION CONCEPT 

Introduction of Dan Sheer and ICPRB 

The year in which the United States Congress passed a bill 
authorizing the study on the water resources problem of the WMA, 
1974, was the same year that Dan Sheer graduated from Johns Hop- 
kins University with his doctorate. His degree is in 
environmental engineering, and the subject of his thesis was 
economic sequencing of public works facilities. His thesis stud- 
ied the sixteen reservoir proposal of the Corps of Engineers, 
and after graduation he used this knowledge upon accepting a job 
offer from the Interstate Commission on the Potomac River Basin 
(ICPRB) . 

ICPRB was authorized by Congress in 194 0 for the purpose of 
"regulating, controlling, preventing, or otherwise rendering unob 
jectionable and harmless the pollution of the waters of said Poto 
mac drainage area by sewage and industrial and other wastes. "2 
This authorization was broadened ill 1970 to include water re- 
sources management. Dan was analyzing wastewater flow in fulfill 
ment of this charter when he and his colleagues arrived at some 
surprising conclusions concerning the WMA water supply problem. 

The Breakthrough 

Dan recalls how the breakthrough was made: 

In 1977, I was working for COG (Council of Govern- 
ments, which serves the WMA in conjunction with ICPRB) 
on water quality management planning and came to some 
surprising conclusions about WMA water supply pro- 
blems. The question of how much water there would, be 
coming over Little Falls (a point on the Potomac just 
above Washington) into the estuary had to be resolved. 
This w^s needed for modeling runs for waste load.: 
allocations. Since demands on the river equalled the 
7-d^Y IQ-year low flow, the answer was nothing. 
Thinking aboiit it, the water coming over Little Falls 
ha3 some pollutants. if these are roxited throxigh the 
tl^e^tment plant, at least some will be removed. If 
that is true, then maybe the xitilities should oper- 
ate to maximize Potomac River withdrawals all the 
time. That meant taking as onuch water from the Poto- 
mac a^. posssible and reducing withdrawals from local 
reservoirs;* Such an operation would save a lot of 
w^ter in the local reservoirs. How mach?^ 

Dan began with searching for a solution to a water quality 
problem, and ended with a legitimate water resources question ~ 
how much water could be saved and stored in local reservoirs if 
Potomac River withdrawals were maximized? 
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Dan knew that previous studies using independent safe 
yield analysis had shown that there was not nearly enough wa- 
ter in the Potomac River Basin to meet potential demands. 
This new idea which Dan proposed completely abandoned the con- 
cept of independent safe yield operations of local reservoirs, 
concentrating instead on the maximum yield which could be de- 
rived if both the Patuxent and the Occoquan Reservoirs were 
operated in coordination with the free-flowing Potomac. In 
other words, Dan suggested that a system analysis be done using 
joint operations. 

Surprising System Analysis Results 

System analysis compares the total volume of water needed 
for public demand against the volume of water which can be sup- 
plied by the system. Dan*s system analysis utilized water require- 
ment forecasts for the year 2000, projected to be at most 750 mgd. 
The 90-day long 50-year recurrence interval (90-Q-50) low flow 
in the Potomac River System (including Savage and Bloomington 
Reservoirs^ is 580 mgd. (The reason that the 90-Q-50 flow was 
used is because this interval created the largest deficit, as 
shown in Exhibit B-1.) The largest total deficit possible, over 
a 90 -day period, would then be: 

750 mgd X 90 days = 67.5 billion gallons 
- 580 mgd X 90 days = 52.5 billion gallons 

Deficit = 15 billion gallons 

However, storaqe in the Occoquan and Patuxent Reservoirs 
totals over 20 billion gallons, as shown in Exhibit A-1. The i 
conclusion of Dan and ICPRB was that: tJxe WMA was not short of ^ 
water if it could only efficiently manage the existing storage. ' 

Rexegulatlon 

This local, inexpensive proposed solution to the problem 
inspired the Corps of Engineers to fund an ICPRB in-depth analy- 
sis of how to efficiently manage the WMA water system. The first 
alternative that they investigated was raw water interconnec- 
tions — — large pipelines which would transfer water back and forth 
from reservoirs to river, depending on which area had a surplus 
or a shortage of water. This idea, though technologically sound, 
proved to be much too expensive. 

The second alternative which was studied was a concept cal- 
led "reregulation. " Reregulation, as exemplified in Exhibit B-2, 
involves .distribution of water within a given service area 
which is served by both a river and a reservoir source, each with 
an independent water treatment plant. During times when the river 
is at normal flow or higher, most of the distribution area is 
served by the river source, thereby conserving reservoir storage. 
This reservoir storage of water is utilized during times of low 
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flow from the river (principally in the fall) when most of the 
distribution area is served by the reservoir, thereby conserving 
river water for a different utility downstream whose only intake 
is on the river. 

ICPRB liked the reregulation concept because it made the 
best use of the existing facilities, could theoretically be 
implemented at almost no cost, and was a local solution to the 
WMA water supply problem. Before this theory could be put into 
practice, however, the service areas of the FCWA and the WSSC 
neededito be examined to see if each could handle distribution 
from two sources, a river and a reservoir. 

Distribution System Analysis 

Before the reregulation theory could be used the existing 
distribution systems needed to be studied with respect to pipe 
and treatment plant size. Of particular concern was whether the 
pipes and treatment plants close to the river could handle the 
pressure and volxime of water needed to serve houses near the 
reservoir so that reservoir water could be conserved, and vice- 
versa. 

ICPRB performed the analysis and presented conclusions which 
surprised everyone. First of all, with respect to the pipe 
capacity, they found that no new distribution lines were needed. 
The existing systems, with the addition of an intake on the Poto- 
mac River for the FCWA, could be operated so as to ensure the 
availability of water to all customers during reregulation oper- 
ation. 

Dan was not as surprised as others were at these results. 
He knew that the major parts of the distribution systems are 
designed for peak demands of 160% of the WMA average, which occur 
infrequently. The smaller system components are designed to 
accomodate fire flows, and consequently also have a high capacity. 
This excess capacity in the distribution pipes can be depended 
upon to accomodate flexible operating rules designed to maximize 
yield. 

The second concern was that the treatment plants at the loca- 
tion where high flows of water need to be pumped might not be able 
to handle the larger flow. However, the ICPRB study showed that 
minim\im flows in the Potomac River usually occur in fall and do 
not coincide with the July and August peak demands. This means 
that when full capacity operation of the reservoir treatment 
plants is needed only average demands have to be met, therefore 
intake ceilings are not a major constraint to reregulation 
operation. 

Utility Reaction to the Reregulation Theory 



The WSSC and the FCWA, the two utilities capable of imple- 
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meriting reregulation^ were contacted and immediately indicated 
that they would use this new procedure. As soon as FCWA could 
complete their Potomac River intake both utilities would prac- 
tice reregulation, leaving the WAD^ the only utility with no 
reservoir intake, with enough water downstream to supply to its 
customers. As a result, the yield of the Patuxent Reservoirs 
increased from 35 to 65 mgd (which is plant capacity) and the 
Occoquan Reservoir yield jumped from 55 to 112 mgd. This amounted 
to a 100% increase in local reservoir yield of nearly 90 mgd, 
which brought the total net WMA yield to 610 mgd. 

The reason why local reservoir safe yields were increased 
using system operations is simple. The critical period for safe 
yield analysis on the local reservoirs is about nine months. The 
period for which flows in the Potomac have been lower than demands 
is much shorter, about four months; it is a much larger river than 
those that feed the local reservoirs, and the demands are a much 
smaller percentage of the average flow. Therefore the increase 
in safe yield amounts to taking water from the reservoirs at a 
higher rate, but for a shorter time (four months instead of nine) . 
The volxune of water taken is still the same. 

This theory of reregulation increased tremendously the safe 
yield output of the local reservoirs, and was the first step 
towards a publicly acceptable solution in almost thirty years. 
In reality, though, the WMA's demands were only met through 1990 
(as shown in Exhibit B-3) , and there were still no long-term 
solutions in sight. 

The Bi-County Task Force 

While Dan Sheer and his colleagues were examining the theory 
of reregulation, another important development was taking place in 
Maryland. Two Maryland counties within the WSSC service area. 
Prince George and Montgomery, were frustrated by the continuing 
failure of the Corps of Engineers to find a solution to the long- 
standing water supply problem. As a result, in 1976, these two 
counties and WSSC formed a Bi-County Task Force to solve their 
problems locally without federal help. 

One of the most important contributions of the Task Force 
is the way in which it was organized. Engineers at WSSC knew 
that previous Corps of Engineers' proposals were theoretically 
sound but were rejected because of immense public and political 
opposition. The dilemma that WSSC now faced was how not to 
suffer the same fate. 
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tliUr Denand Projection 
Year 2000 



imJS Study Tionthly Demands* 

'^^'^y August September Average Suntfier 

^''l 755 723 750 iBgd 

* from KD-5 Study Report . U.S. Arny COB NAD, 11/75 p. 31. Figures for 
Potcoac Deirand Corrected by adding back 130 lagd asstmd from Patuxent 
and Occoquan Reservoirs and assuning additional 10 Hgd (total of 14 
ngd) £con Goose Creek and fieaverdaa teservoirs. 



XASLE 1 



2 TABLE 3 



Drought Hows, IXirations and Racuccmce Fteauencies* Tbtal Water Deficits (biUions of gallons, Msuming no flow augmentatic 

froM Blooaington) 





Freouencv of Recurrence 










ought Duration 


10 yr. 


20 yr. 


50 yr. 


Drought Duration 


frequency ot iitcurrence 
10 yc« 20 yr. 50 yr. 


7 - Day 


541 


478 


419 


7 * Day 


1.4 


1.9 


2,3 


14 - Day 


575 


506 


438 


14 « Day 


2.5 


3.4 


4.4 


30 - Day 


641 


568 


503 


30 - Day 


• 3.3 


5.5 


7.4 


60 - Day 


729 


632 


541 


60 - Day 


1.2 


7.1 


12.5 


90 - Day 


013 


697 


580 


90 - Day 


0 


4.8 


15.3 


120 - C*y' 


929 


794 


658 


120 - Day 


0 


0 


11.0 



Plows in iigd at t^int of Rocks, Haryland. 



urces Ualkec, Patrick H., flow Ch»acteristic8 of Maryland Streams , 
Haryiand Gsological fiutWy, 1^1, p. 113. 



The total water deficits in Table 3 were found by 
subtracting the drought flows in Table 2 from the average 
summer flow of 750 ragd in Table 1* For example^ the 7-day 
•*3L0 year deficit would be 1*4 BG because 750 ragd minus 541 
ragd equals about 200 ragd, which when multiplied by 7 days 
gives 1.4 BG. The largest deficit is seen to be 15.3 BG, 
which was the number which Dan used in his calculations. 



Exhibit Brl 
Total Water Deficit Calculations 
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PART C: CONTRIBUTIONS OF THE BI-COUNTY TASK FORCE 

The Structure of the Task Force 

Engineers at WSSC knew from previously rejected proposals 
that any solution they developed would have to be approved and 
financed by the local governments through the WSSC^ and that if 
opposition arose the political leadership would receive the 
blame. Consequently, since the politicians of the WMA had been 
the ones in the past who ultimately decided the fate of previous 
proposals, it was decided by WSSC and the two counties that 
the Task Force should be composed of the political leadership of 
the two counties. In this way the appropriate officials were 
directly exposed to the engineering design process and able to 
reject immediately any projects that were politically unaccept- 
able to their jurisdictions. This step had been« dgnored in past 
proposals, resulting in failure :each time. 

Two advisory committees were established to support the Task 
Force, a Citizens Advisory Committee and a Technical Advisory 
Committee. The Citizens Advisory Committee was important since 
the conclusions of the study were likely to be controversial, 
as others had been in the past. A broad-based public committee 
would be able to assist the political leadership of the two 
counties to obtain public support for any final decisions- The 
Technical Advisory Committee was appointed by WSSC and provided 
the engineering input needed by the Task Force. 

The Leader Robert McGarry 

Appointed as general manager of the Bi-County Task Force was 
Robert McGarry. Bob graduated with his B.S. in engineering from 
West Point in 1952, and received his graduate degree from Illinois 
in 1959. HechaTd held numerous positions within the U.S. Army, 
including serving as District Engineer for the Corps of Engineers 
in charge of the Potomac River Basin until his retirement in 1977. 
At this time the WSSC, searching for an experienced man to head 
the Task Force, chose Bob as general manager. His services would 
have an enormous impact on not only WSSC's water supply problem, 
but, more importantly, the entire WMA water supply problem as well. 
Dan Sheer, talking of Bob, emphasizes: 

I think that he couldn't have done what he did with- 
out my help, but I know that I couldn't have done 
what I did without him. ^ 

Drought Management 

The first of two important concepts that were developed by 
the Task Force was that of drought management. Bob comments on 
what led to the Task Force's development of this approach: 

The size of the reservoirs (proposed in 1963 and 
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later rejected) were based on the very conventional 
thinking of "Let's provide all the water we need 
for the worst day in the worst drought." Plenty of 
yield. As a result^ the reservoirs were not only 
too large, with respect to environmental impact, 
but also too expensive.^ 

Bob knew that WSSC was only a local utility with limited 
funds, and decided that the WSSC should not plan to construct all 
of the facilities necessary during the worst of droughts. The 
prior public opinion survey indicated that the public was willing 
to conserve v/ater, and Bob decided to use this willingness to 
everyone's advantage, as he describes below: 

A drought management plan with three stages (I, II, 
and III) was developed, each stage being a more 
severe restriction to manage water. During stage 
I, use of outside water is restricted. During 
stage II, air conditioning usage is restricted and 
swimming pools closed down. During stage III, 
consisting of steps III A, III B, III C, the re- 
strictions become even more severe. The Task Force 
next decided what risk it was willing to accept and 
what it wanted to plan for. It was decided to 
accept scenario A (see Exhibit C-^l) . Basically, 
the commission will accept an eight percent prob- 
ability that in any given year stage I (restricting 
use of outside water) will have to be implemented 
for less than 30 days and a five percent probabil- 
ity that it will have to be implemented for more 
than 30 days. The probability for implementation 
of stage II was determined to be fairly low (three 
percent) , and that for stage III was considered 
almost unlikely. The impact of that, though, I 
think is the important thing. By adopting that 
kind of analysis the Task Force reduced the storage 
requirements by the year 2000 from 3,400 to 1,300 
million gallons (see Exhibit C-1) . About one-third 
of the storage is needed (one-third of the addi- 
tional water) if you are willing to take the risk. 
Remember, political officials are going to have to 
defend this risk and take the heat if the public 
does not like restrictions when they are imposed. 
The elected officials did adopt drought management.^ 

This willingness to assume an increased risk of public incon- 
venience reduced the additional water requirement for the bi-county 
area substantially. Because of this the concept of drought manage- 
ment was incorporated into all subsequent WMA water supply studies. 

Little Seneca Reservoir 



The second important outcome of the Bi-County Task Force was 
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the recommendation to construct Little Seneca Reservoir as a 
local reservoir to help alleviate major water problems in times 
of drought. Little Seneca Reservoir is located within the 
jurisdiction of the WSSC near Washington, D,C,, as shown in 
Exhibit C~2. With the incorporation of drought management there 
still would be a shortage requirement in the bi-county area 
during a drought of approximately 1300 million gallons, as shown 
in scenario A of Exhibit C-1, A local reservoir would supply 
additional water on short notice to meet shortages, as illus- 
trated in Exhibit C-3, and would provide recreational benefits 
as well. 

The two recommendations of drought management and Little 
Seneca Reservoir were well received both publically and politi- 
cally. The WSSC obtained the approval of the recommendations 
from both counties, began design of Little Seneca Reservoir, and 
applied to the Corps of Engineers for the necessary construction 
permit. All of WSSC*s water supply problems appeared to be 
solved only two years after the Task Force was authorized. 

E.P,A, Action 

Unfortunately in 1980 the United States Environmental Pro- 
tection Agency, which routinely reviews proposed Corps permits, 
strenuously objected to construction of Little Seneca Reservoir. 
The letter from the E.P.A. recommending that no permit be issued 
is shown in Exhibit C-4, The objections centered on three poten- 
tial problems: water quality problems in the reservoir; alteration 
of natural habitat; and, most unusual, the possibility that an 
independent solution to WSSC's water supply problem would foster 
environmentally disruptive independent solutions to the same 
problems faced by the other utilities in the Potomac River Basin. 

To phrase it mildly. Bob was not at all happy with the re- 
sults of the E.P.A. permit review. The first two objections he 
had somewhat expected, since many eventually approved reservoir 
sites also had to face up to these problems in the design pro- 
cess. The last objection was his big problem objection to 

construction of a reservoir site because approval of construction 
might spur other utilities to construct more reservoirs which might 
be, environmentally disruptive. Bob did not believe that the E.P.A. 
had any legal foundation to uphold what they had said, but he knew 
that a court settlement of the issue could take years. Also, the 
E.P.A. stated that a comprehensive drought plan would eliminate . 
WSSC's deficit, when the figures from scenario A indicated that 
there would be a deficit of at least 1,000 million gallons. 

Now, after two years of encouraging development oyer ^ thirty 
year problem. Bob and WSSC were right back where they started from 
because of unprecedented E.P.A. action. 
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 

REGION HI 
6th and walnut streets 
PHILADELPHIA. PENNSYLVANIA 19106 ^Ri 



Mr. Donald W. Roeseke 

Chief, Regulatory Fuoctions Branch 

Baltimore District 

Corps of Engineers 

Post Office Box 1715 

Baltimorei Maryland 21203 



SEP 3 1980 




Re: NABOP-FR (Washington Suburban Sanitary Commission) 80-0186, May 30, 1980 
Dear Mr« Roeseke: 

We received the above referenced Public Notice describing an application for 
work in navigable waters, as well as the Environmental Assessment, the draft 
Project Development Report, and the Bi-County Water Supply Study which des- 
cribe the proposed project in detail. We considered the water pollution 
potential of the project as well as other possible environmental effects 
resulting from construction of the facility* The project will create un- 
acceptable water quality impacts. Therefore, we recommend that the project' 
be denied and that no permit be issued. 



There are alternatives to the proposed project which would meet the water 
supply needs of the area without creating the adverse impacts associated 
with the Little Seneca Lake Project. Furthermore, it is highly likely that 
one or more of these alternatives will eventually be undertaken as part of 
the regional solution currently being developed. Since WSSC has projected 
thiit a comprehensive drought management plan would eliminate their deficit, 
we believe that the implementation of these water conservation measures 
during the infrequent droughts is a more feasible short term solution to 
their water supply needs. We also believe that they should redirect their 
efforts at developing an alternative that would help to solve the regional 
problem. Allowing the construction of this dam as a localized, short term 
water supply solution wauld be an unfortunate precedent for other authori- 
ties and would result in a eignificant loss, of natural resources. 



Please advise us of any action taken on the above permit request. 



Si 




iohxi R. Pomponiff 
Chief 

EIS & Wetlands Review Section 



Exhibit C-4 

Excerpts from the E.P.A. Letter Sent to the Corps of Engineers 
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PART D: THE PRISM MODEL 

Development at Johns Hopkins 

The third important development essential to the solution 
of WMA's water supply problem occurred within a year of the 
studies done by Dan and Bob. In September of 1977, a research 
team at Johns Hopkins University was awarded a matching funds 
grant from the U.S. Department of the Interior, the Office of 
Water Research and Technology, the Commonwealth of Virginia, and 
the State of Maryland. This funding package was assembled by 
ICPRB, the organization for which Dan worked. It was hoped that, 
with the recent advances in operations research and the improved 
capability for computer simulation of complex systems, a compu- 
ter model of the WMA water supply system might be beneficial to 
all parties involved. 

Bloomington Daia Releases 

A team of graduate research assistants performed the analy- 
sis, primarily investigating future operating rules for Blooming- 
ton Dam which would increase its yield for water supply. The 
construction of Bloomington Dam was begun in 1971 and completed 
in 1981. All water supply studies performed since 1971 assumed 
integration of Bloomington into any future water plan, with the 
dam regulated to maintain a continuous flow of 197 mgd through 
Luke, Maryland (see Exhibit C-2) as suggested in the 1962 author- 
ization document. However, Johns Hopkins found that a continuous 
flow of 197 mgd at Luke would be very inefficient from a water 
supply viewpoint and detrimental to the water quality in the Poto- 
mac as well. Their study indicated that small reductions in 
upstream reservoir release resulted in tremendous gains in system 
yield. The graph in Exhibit D-1 illustrates this, showing the 
tradeoff 'between the amount of upstream reservoir release and: the 
number of :.years past .1980 that the , WMA system could safely provide 
enough water, assuming perfect forecasting. 

System Analysis Results 

In addition to analyzing upstream releases, the team also 
developed an interactive simulation model and used linear program- 
ming techniques to establish the highest yield possible for the 
entire Potomac River Basin. Not only did they utilize their re- 
lease pattern for Bloomington Dam^ but they also incorporated Dan's 
concept of reregulation of local reservoirs. The results were 
astounding. Assximing perfect forecasting of demand and Potomac 
flow on a weekly average basis, the theoretical upper bound was a 
yield of over one^-thousand mgd, in contrast:: to: the previously 
perceived limit of five hundred mgd. It must be remembered 
that this encouraging figure was determined by abandoning inde- 
pendent safe yield analysis, instead concentrating on the total 
volume of water contained in the Potomac River Basin. 

The PRISM Model 



Naturally the managers and operators of the local utilities 



ECL 261D 



23 



found these optimistic figures hard to believe. To help them 
overcome their understandable doubts ^ the team developed the 
Potomac River Interactive Simulation Model (PRISM) . PRISM was 
essentially a computer game to be played by the operators. At 
the heart of this game was a reasonably realistic weekly simula- 
tion model of reservoir and utility operations. The computer pro- 
vided the players with the same type of information that they 
would have to work with during a real drought and asked them to 
respond by making operational decisions, some of which are shown 
in Exhibit D-2. The effects of these decisions on how much water 
to release from the reservoirs and how much water to intake for 

distribution were then combined with other factors predicted 

water demand, forecasted weather conditions, and time of year ^ 
— to produce simulated results. A primitive flowchart of basic 
operational decisions made by the PRISM model is shown in Exhibit D-3 

Difficulties in Playing Computer Games 

At first the utility operators found it difficult to make the 
right decisions to keep water shortages from occurring and the 
amount of wasted water to a minimum. The operators became better 
with time, though, and soon discovered that the main reason for a 
major water shortage was not inaccurate prediction of public watfer 
demand or basic river flow - it was the age-old problem of how 
to forecast the weather. 

Water takes almost a week to flow from Bloomington Dam to the 
WMA, and it was difficult to predict in advance how much rain would 
fall during^ that time. Releases made a week in advance and pre-^ 
dieted on a forecast of no rain were almost always too large; rain 
would fall sometime during the week, somewhere in the 11,000 square 
mile basin. This extra water flowed past the WMA intakes unused 
and wasted. If releases from Bloomington were based on a forecast 
of rain, inevitably no rain fell and large shortages developed. 
The best part of the PRISM model was that it showed these problems, 
and it also convinced the operators that if their forecasts were 
accurate there would be plenty of water for all even during a 
drought. The PRISM model graphically illustrated the problems of 
release forecasting and the benefits of cooperative reservoir 
operation, without having to suffer through physical operations 
during a real drought to understand the intricacies of the system. 

The Corps Takes Over 

The Army Corps of Engineers realized that PRISM was a valuable 
tool and adopted it to their own use. Using lessons learned from 
the model and incorporating the concept of reregulation, the Corps 
released a report in 1979 which was radically different from the 
large dam (or damn, if you were a land-owner) building policies of 
recent decades. Within this study, the WMA Water Supply Progress 
Report, the Corps emphasized specific solutions to the WMA's pro- 
blems. There were two solution proposals which generated the high- 
est amount of interest , labelled the local plan and the regional 
plan. 
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The Local Plan 

The local plan utilized minimal regional cooperation. 
The unique aspect of this plan was that each project would be 
operated independently to satisfy water needs in the individual 
service areas, and each project could be financed sepa,rately by 
the water utility it served. The Potomac would serve mainly the 
WAD; Occoquan Reservoir would serve FCWA; and the Patuxent and 
Little Seneca (if E.P.A. permission could be secured) Reservoirs 
would serve the WSSC. 

The Regional Plan 

This plan took the final step towards regional coopera- 
tion by assuming that all projects would be shared equitably, with 
regard to both benefits and costs. The total Potomac flow would 
be divided among the three utilities according to an agreement 
which was signed by the local utilities in 1977, the Low Flow 
Allocation Agreement (LFAA) . The logic behind this agreement, 
whj.ch stipulated that all water be proportionately shared by the 
utilities in times of drought, would be carried further to include 
water-sharing during non-drought conditions • A comparison of 
these two plans is shown below. 

'Local Regional 

Minimal Regional Cooperation Total Regional Cooperation 

Components Sized to Meet Indi- Components Sized for Entire 

vldual Service Area Needs System; New Projects Brought 

On-line Only As Needed By 

Region 

Frojectc Operated Independently Projects Operated Jointly 

Projects Financed Independently Projects Financed Jointly 

Structural Differences: 

Potomac to Occoquan Raw Water Potomac to Patuxent Raw Water 

Interconnection Built in 1994 Interconnection Built in 2017 

Cost Differences (based on 50 -year plan) ; 

Total Cost- $4,620,000/year Total Cost- $3,310, 000/year 

IMntical Cons«rT«tioii Measures mplmmn%md in Each Plan 



Thoughts on Which Plan to Choose 

The Corps noted that the regional plan which emphasized 
regional cooperation in operations and construction would greatly 
reduce cost, but noted the potential difficulties in reaching the 
necessary agreements. This pessimism is reflected in the fol- 
lowing quote from the Corps' report: 

Plan 2 (the local plan) was chosen as the plan 
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which would be most likely in the absence of any 
coordinated regional plan, and this plan was used 
as the basis for comparison. Despite the fact 
that this plan represents a more costly plan than 
other action plans available, it is the most likely 
one to be implemented by the local utilities. This 
is because it requires less regional cooperation 
than the other plans and because it contains other 
projects which are actively being planned for.^ 

The Corps introduces its chapter on "Problems of Implementa- 
tion" in the Main Report with the following quote: 

If the Washington area cannot agree on regional 
cooperation in water and sewage treatment, it is 
because we are in a prisoners ' dilemma each could 
gain by regional cooperation but no way exists to 
insure that all would cooperate.^ 

The former chairman of ICPRB, Mrs. Loretta Nimmerrichter , in 
her opening remarks to the Thames/Potomac seminar, stated: 

One thing that this seminar is not is another 
attempt to promote a powerful compact for the Poto- 
mac, a proposal which has failed to materialize 
after ten years of. vigorous promotion. Almost the 
opposite is true. For this exchange is taking place 
at an exciting time in the Potomac basin, when local 
government seems to be coming alive again, and show- 
ing a renewed determination to assert its rights 
and assume its responsibilities.^ 

Though the regional plan appeared the best plan on paper, 
most people doubted that it had any chance of being implemented. 

Two Major Problems 

As of 1979 two major problems stood in the way of a solution 
to the WMA's water supply problem. First of all, the problem of 
wasted water from Bloomington Dam releases had to be corrected. 
There was no way that there would be enough water if the WMA 
consistently permitted water to flow by its intakes unused. Sec- 
ondly, even if this first problem <was resolved, there was no 
guarantee that the local utilities would cooperate to pay for and 
implement the solution. 

The local utilities believed that a solution was near, but 
many people felt that a water shortage was even closer. 
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PART E: ATTEMPTS TO RESOLVE THE WASTED WATER PROBLEM 

Formation of CO-OP 

The local utilities were not as pessimistic as the Corps of 
Engineers in considering the regional plan of regional cooperation 
as the solution to the WMA v/ater supply problem. Maybe this was 
because they were more desperate to find a solution, since their 
customers were about to go without water and the other local alter- 
natives were very expensive propositions. In any case, in Novem- 
ber of 1979, the local utilities decided that they needed to worK 
together. They asked the ICPRB to form a Section for Cooperative 
Water Supply Operations on the Potomac (CO-OP) , under ICPRB s Arti- 
cle III charter authority. CO-OP was composed of ICPRB coromis- 
sioners from the District of Columbia, Maryland, Virginia, and West 
Virginia, and was supported by a technical advisory group comprised 
of representatives from the WMA's three major water utilities. 
The main purpose of CO-OP was to ' develop regional regulation pro- 
cedures for water supply reservoirs serving the WMA. In doing so 
they were to integrate Dan's reregulation proposal, the PRISM 
model, the Corps of Engineers' regional plan, and the drought man- 
agement concept. 

Dan explains the problem facing CO-OP: 

The theoretically achievable supply (as deter- 
mined by the Hopkins Study) significantly exceeds 
the projected water requirements (from the WMA) . 
The raw water storage is adequate, but only if we 
can get it where it is needed and when it is need- 
ed. The problem, then, is one of providing ade- 
quate techniques and facilities for management of 
existing supplies rather than the problem of new 
supplies. 

The main problem that CO-OP faced in managing their existing 
supplies was how to accurately predict the amount of water to 
release from Bloomiugton Dam. 

The Difference Rule 

Previous studies done by the Corps of Engineers suggested that 
there was no accurate way to forecast the flow in the Potomac a 
week in advance. CO-OP, however, needed some basis for prediction, 
so they decided that a simple assumption was better tha|> none at 
all. AS they began experimenting with different forms of operating 
rules for releases from Blooming ton Dam, they discovered that tne 
difference rule, which was the simplest rule, was also the best. 
Dan explains: 

To deteirmine upstream releases under this rule, the 
natural flow in the Potomac at Washington on the date 
of the release is subtracted from the total demand 
(including required instream flow) from all sources 
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expected on the day the release will arrive. This 
is equivalent to assuming (or forecasting) that the 
flow will remain unchanged ever the time of travel. 
The difference (hence "difference rule") represents 
the total additional water which will be needed if 
the natural flow remains constant. The difference 
is adjusted by subtracting the amount desired to be 
taken from the local reservoirs and adding a safety 
factor. 

This difference rule assumes that flow will not change over 
the travel time, which is fairly true in the Potomac where low 
flows are relatively stable. A safety factor still needed to be 
used, though, and inevitably water would be wasted. 

Refining PRISM for Better Release Forecasts 

The above rule was helpful to CO-OP as they began forecasting 
releases, but soon it was evident that better flow forecasts were 
needed. In an effort to achieve more precise streamflow predic- 
tions, they totally recalibrated PRISM to utilize- daily operating 
rules as opposed to previous weekly rules. This was important 
because of three reasons: utilities operate on a daily basis; 
forecasts change from day-to-day; and water use varies daily. 
Although many man-hours were spent recalibrating the model, the 
added precision of daily operations was well worth the effort. 

For greater precision of actual stream flow, CO-OP entered 
into an agreement with the National Weather Service to develop an 
accurate National Weather Service River Forecast System (NT^SRFS) 
for the entire Potomac River Basin. This is basically a soil 
moisture accounting model which takes historical rainfall records 
and traces water movement through several different storage com- 
partments representing soils in the upper and lower zones. An 
example of a siii5>le soil moisture accounting model is shown below: 
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This model keeps track of how much water is in each reser- 
voir and how much drains into the tributaries. The model is 
calibrated using historical data, and the parameters are adjusted 
until the model reproduces actual streamf low measurements pre- 
viously recorded at USGS gauges. This system helped to forecast 
flow levels in the Potomac even more accurately, but still, even 
with these PRISM model refinements, the Bloomington releases 
could not be forecasted accurately enough. 

The Problem Still Lingers 

CO-OP made many interesting and applicable discoveries, as 
illustrated briefly above. Even with these innovations, however, 

one major problem still was yet to be resolved to ensure enough 

water downstream, the margin of safety for upstream releases from 
Bloomington Dam must be about 100 mgd. The Corps had to release 
this extra water to be sure that, even if there was hot weather 
and no rain during the five days of travel time, and even if 
record demands needed to be met, there would be enough water for 
everyone. However, since rain usually fell, temperatures are 
usually mild, and demands are usually average, seventy percent of 
the water released from Bloomington would usually flow by the 
intakes unused. In addition, since this extra release from 
Bloomington is in the Potomac, the average use of the local reser- 
voirs was low and they stayed full while the level of Bloomington 
Reservoir dropped dangerously. 

A Great Old Idea Construction of Little Seneca Reservoir 

Bob McGarry, who previously tried to construct Little Seneca 
Reservoir as part of a local plan, decided to implement the reser- 
voir into the regional plan. This idea incorporated into a 
comprehensive regional plan the flexibility which was so badly 
needed. Computer simulation revealed that releases from Little 
Seneca would reach the Potomac intakes in one day. This would 
eliminate the need for such a large margin of safety in the up- 
strecim releases from Bloomington, since releases from Little Seneca 
could be used to correct for forecasting errors the day before the 
shortage would occur. Now Bloomington could be on a tighter re- 
lease schedule, and even if no rain fell during the week releases 
from Little Seneca would more than make up the difference, •tfhis 
reduced the average unused portion of the upstream releases from 
seventy to ten percent, and would allow the local reservoirs to be 
fully utilized in supplying water to the local utilities. Simply, 
not as much water would be wasted. 

In addition to Little Seneca, Bob introduced into the regional 
plan another concept of his which previously had been incorporated 
into the Bi-County Task Force Study ideas pertaining to conser- 
vation. In order to help reduce demands 'of the WMA, he suggested 
that the utilities adopt the concepts of plumbing codes and pricing 
schedules. These were not passive measures which would only apply 
during drought conditions, as in drought management. These were 
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active measures which could be depended upon all throughout the 
year. As a result, the local utilities predict that by the year 
200C there will be at least a 10% reduction in WMA water demand. 

The New Outlook 

According to Corps of Engineers* predictions, the water made 
available by the service of Little Seneca would add enough water 
capacity to the total supply to increase the net safe yield to 
950 mgd^ meeting water demands through 2030. Almost as important^ 
to Bob anyway, is that no longer could the E.P.A. object to the 
construction of Little Seneca because it might stimulate independ- 
ent solution plans for more reservoirs from other utilities. This 
would be a comprehensive regional plan^ one which solved the water 
problems of each utility. 

The technological aspect of the W^lA's water supply problem 
was now solved. To illustrate how the WMA water supply system 
might function during a drought, see Exhibit E-1. The figure 
displays the drought's progression through an entire season 
as the demands gradually increase and the available natural Poto- 
mac flows decrease. Across the top of Exhibit E-1 are listed the 
basic sequence of operations which could be taken to avoid poten- 
tial shortages when demands begin to exceed supplies. These actions 
make the most efficient use of all sources from a regional perspec*^ 
tive, and are quoted from the Army Corps of Engineers' Main Report^ 
released in March of 1983. A summary of the WMA water supply 
situation as seen by local engineers in 1981 is given in Exhibit 
E-2. 

This present plan is only the latest in a long line of tech- 
nologically sound proposals, which started with the Corps of Engi- 
neers' sixteen dam proposal in 1963. Whether this current solution 
proposal, which looks appealing on paper, could be implemented by 
three independent utilities was yet to be seen. Many people, in- 
cluding the Corps of Engineers, did not believe that a regional 
solution using regional cooperation was possible, as indicated by 
the quotes listed at the end of Part D. Also, as shown in Part C, 
the Environmental Protection Agency was opposed to the construction 
of Little Seneca Reservoir, which was a vital element of the re- 
gional plan. 
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Exhibit E-1 i 
Overview of WMA Water Supply Operation 
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Exhibit E-2 
Situation Facing WMA Engineers in 1981 



34 



ECL 261F 



PART F: ATTEMPTS TO REACH AN AGREEMENT 
A New Task Force 

Bob had worked on the WMA water supply problem too long 
and too hard to just sit back and watch another proposed solu- 
tion die. In December of 1980, he wrote to the presidents of 
the councils of the District of Columbia, Fairfax County, Mont- 
gomery County, and Prince George's County and asked them to form 
the WMA Water Supply Task Force. They agreed, and in January of 
1981 the second Task Force was formed using the first Task Force, 
the Bi-County Water Supply Task Force, as a model. The previous 
Task Force had worked so well that Bob decided to copy its struc- 
ture. Bob again served as general manager of the Task Force, 
with the four council presidents as members and a citizens and 
technical advisory committees (CO-OP was adopted by the Task Force 
as the technical advisory committee) . 

Advice from CO-OP 

CO-OP advised the Task Force of its research, the bulk of 
which was reported in Part E of this case, which showed that the 
Task Force should try to implement a regional solution to the 
problem. CO-OP brought before the Task Force some interesting 
facts to back up this suggestion. In the local and regional Corps 
of Engineers' plans which were reported in Part D of this case, 
the only structural difference between the two plans was that in 
the local plan a raw water pipeline would have to be built in 
1994, while in the regional system a similar pipeline needed 
to be built around 2017 (refer back to the figure on page 24) • [ 
The cost dif^eirence wasir^t~~ehough to justify choosing the 
regional plan because it was cheaper. In 1981, however, CO-OP 
studies (see Part E) subsequent to the Corps proposals found that 
improved management , techniques , especially use of Little Seneca, 
eliminated the need ^of a pipeline in the regional plan. Now, since 
there was a large price difference between the two plans, CO-OP 
advised the Task Force- that the regional plan be implemented. 

The Task Force adopted the regional plan and declared that 
CO-OP be administrator of the release patterns dictated by the 
model, which itself would be treated as a contract. In this way 
a neutral party, in the form of Dan and ICPRB, would have respon- 
sibility for carrying out the proper drought procedures. 

The Task Force contacted the utilities and persuaded them, 
in principal, to abide by the plan calling for regional cooperation. 
Still to be resolved, however, was how to gain E.P.A. permission 
for the project, how to share the costs of the project, and how to 
share the water within the WMA. 

E.P.A. Reaction 

Again the construction permit for Little Seneca Reservoir was 
submitted to the Corps of Engineers for approval. The Environmental 
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Protection Agency^ which routinely reviews Corps of Engineers' 
permits r had 90 days to respond with approval or denial. No 
letters from the E.P.A. were received by the Corps within the 
allotted response time. The E.P.A. had no comment on the matter, 
indirectly giving the VMA permission to build Little Seneca 
Reservoir. 

Utility Agreements 

The regional plan, which could now be actively pursued^ stipu- 
lated that the water in the Potomac River System be proportionately 
divided among the utilities according to the demands that each had 
to meet. In order to assure that this would happen, two agreements 
were incorporated into the WMA Water Supply Study. The Low Flow 
Allocation Agreement (LFAA) , signed in 1977, was modified in 1982. 
This agreement provides an equitable means of allocating Potomac 
River water among the WMA users during low flow periods so that 
no area suffers disproportionate shortages. The agreement also 
provides for a review every five years to determine the fairness 
and reasonableness of the allocation formula. 

The second agreement, the Water Supply Coordination Agreement, 
was established at this time by the three utilities. This agree- 
ment formalized the region's commitment towards a regional solution 
both now and in the future. This agreement identifies the ICPRB, 
through Dan and CO-OP, as the appropriate agency to manage the 
PRISM model and dictate when and where the water releases should 
be made. With these agreements only one question was unresolved — 
— who pays for construction of Little Seneca Reservoir and any 
future costs of the system? 

Return of the PRISM Model 

The PRISM model was first used to determine if there was a 
solution within the WMA system, then it was used to convince 
utility operators that there was a solution, then it served as 
the contract which determined how much water each utility could 
withdraw. Now it would become an immense help in determining the 
allocation of costs. Dan Sheer explains: 

The issue of cost sharing remained, and once 
again the model provided a common basis for nego- 
tiation. CO-OP, as the keeper of the model, had 
no direct role in the negotiations, and thus re- 
mained "neutral." Each utility directed its own 
runs of the model, modified to allocate shortages 
which could occur under the operating rules which 
would be used if an agreement was not reached. 
The shortages were allocated using each utility's 
own interpretation of the riparian doctrine of 
water rights, and the Low Flow Allocation Agree- 
ment. Several hundred simulation runs were made, 
using different droughts and assumptions, before 
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the Utilities were satisfied that an equitable 
allocation of cost had been devised.-'-^ 

The main problem with each utility making its own simulated 
drought runs is that, as every engineer knows, raw data can be mani- 
pulated. Cost-sharing is a difficult business, and the following 
example is not unlike what happened in this case. Suppose that all 
three utilities had equal demands to be met, so that theoretically 
each utility would have to pay a third of the bill. Invariably, 
when it comes time for contract negotiations, each utility will 
believe that they owe thirty percent of the cost and the other two 
utilities each owe thirty- five. This is because each negotiator is 
only trying to please his employer by keeping his costs down, and 
therefore underestimates the actual costs. Since each utility be- 
lieves that the other two should each pay 35% of the costs, and 3 
times 35 does not equal 100, it takes much longer than it actually 
should to sign a contract which nevertheless will read that each 
party will pay a third of the bill. The "reward" of these long 
negotiations is when each negotiator goes back to his boss and 
shows him the other utilities' estimates of thirty-five percent. 
Since the other two utilities believed that your utility should 
have;^paid' thirty-five percent of the cost, and you actually only 
payed a third of the cost, the negotiator comes out looking like 
a shrewd bargainer. 

The Final Agreexnient 

Negotiations proceeded in the above way for almost a year, as 
Bob describes: 

It was a difficult process, there were many setbacks 
along the way, and at times there was certainly every 
indication that we would have to give up. But we kept 
on, and I recall, at one point, towards the end of the 
work on the agreements, we had 11 lawyers going over 
them word by word. Well, if it had been left to them, 
they would have met periodically and would still be 
meeting. But they were not allowed to leave until 
they had reached a solution that day. That takes 
dedication. 13 

Everyone involved in this project Dan, Bob, and many other 

people — — had the dedication that it takes to solve a thirty-year 
water supply problem. Once the final agreement was signed not 
only was the problem solved until 2030, but it was solved with the 
only new construction being that of a very small reservoir, at the 
cost of about thirty million dollars. There were six main clauses 
contained within the final agreement, as shown in Exhibit F-1. 
The agreement was signed on July 22, 1982. The only thing remaining 
is to build Little Seneca Reservoir, which 'is presently- under con- 
struction and is to be completed in 1986. 
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Final Comments 

Cooperation was the reason why this water supply problem 
was solved. The five reasons that Bob McGarry believes caused 
this successful cooperation are listed below. 



A. The leaders of the three water supply agencies finally realized 
that the efforts of Congress And the Corps, though sincere, would 
not resolve the issue. 

B. Elected officials who were eventually responsible for the solution 
were asked to form the two task forces, and it was they who made 
the decisions and recommendations in lieu of the utilities. 

C. Citizen leaders were involved from the beginning and concurred in 
every decision. 

0. Traditional planning concepts were abandoned and replaced by 
innovative thinking and incorporated the important concepts of 
risk management and regional systeiir-wide operation. 

E. There was a dedication on the part of several individuals involved 
in leadership roles to resolve the issue, and they persisted in 
spite of what, at times, seemed to hm insurmountable technical, 
legal, or political obstacles. Perhaps this dedication to solve 
the issue is the most important factor. 



The solution of the Washington Metropolitan Area water sup- 
ply problem is attributed to many factors some of the major 

contributions are displayed alongside a timeline in Exhibit F-2. 
The official document assembled by the Corps of Engineers on 
this problem, the Metropolitan Washington Area Water Supply 
Study Report, should be completed by Fall, 1983. It will then 
be transmitted to Congress in accordance with the directives 

of the study's authorizing legislation Section 85 of the Water 

Resources Development Act of 1974 (Public Law 93-251) . This 
legislation was shown in Exhibit A- 5. It is expected that the 
utilities who signed the 1982 regional agreement . will adhere 
to their contracts, and that, unless a drought occurs which is 
many times worse than the worst historical drought in the Wash- 
ington area, the Washington Metropolitan Area should have enough 
water until at least 2030. 
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(a) HSSC. Aqueduct /DC and FCM should purchase froa the Corps of Enfineers 
all Hater supply storage In BlooKington take and relieve the Maryland Potoaac 
Hater Authority (the original purchaser of the project's "present* Hater supply 
storage) of any obligation for repayment. Yearly repayment to the Corps for 
capital and operation and maintenance (OfiM) costs allocated to icater supply 
should be shared among HSSC (50 percent), FCHA (20 percent), and l^ueduct/DC 
(30 percent). 

(b) HSSC, Aqueduct/DC, and FCHA should share the capital and OfiM costs of 
the Hater supply portion of Uttle Seneca LaKe, nith HSSC assumliig a 50 percent 
share, Aqueduct/DC assuming a 40 percent share, and FCHA assuming a 10 percent 
share. The costs of land for the buffer zone and for recreation should not be 
shared* 

(c) The MHA utilities ahould share the O&M costs of Savage Reservoir, 
presently borne entirely by Allegany County, because Savage Reservoir releases 
fflll be necessary to neutralize acidic releatei from Bloomington Lake. Annual 
shares should be repaid by HSSC (40 percent), FCHA (16 percent), Jtqueduct/DC 
(24 percent), and Allegany County (20 percent). 

(d) A regional agreement among HSSC, Aqueduct/DC, and FCHA should be 
formalized through ICPRB's CO-OP program to achieve the operational inter 
supply objectives stated belon: 

<1) Maintain the risJt of invoicing the LFAA at less than 5 percent 
during the repeat of any historical drought. 

(2) Maintain the risk of entering the Emergency Stage of the LFAA at 
less than 2 percent nith full reservoirs on June 1. 

(3) Maintain the risk of not refilling any reservoir used for mater 
supply at less than 5 percent. 

(4) Maintain the LFAA specified low flow over Uttle Falls Dam at 100 

mgd« 

(5) Minimize conflict betiieen normal utility operaUont and drought 
operations* 

(() Provide consistency with the requirements of the LFAA. 

<e) The LFAA should be revised tot (1) eliminate the provision that 
freezes the computation of each Jurisdiction's Ioh flow share after 1988, and 
(2) iQClode Uttle Seneca Uke releaeet as flow subject to the allocation 
formula. These revisions should becoM effective only i^n Uttle Seneca Uke 
is operational and the regional operating agreement is in pUce. 

<f ) Cost for construction and GSM of any future MHA nater supply project 
after Uttle Seneca Uke should be shared among the parties in accordance with 
the formulas beloH. Further, Mater from such a project would be subject to 
alldcatlon according to the LFAA. 

District of %» (A-B) » 100 

GolumbU's Share (A-B)+<C-D)+(E-F) 

FCHA's Share %» (C-D) il QQ 

(A-B)*(C-D)+(E-F) 

HSOC's Share %» (ErF) sl OO 

(A-B)+(C-D)+(E-F) 

Hhere: 

A « The average number of gallons of processed Hater pumped dally by the 
Aqueduct to all its customers from all sources (eipressed in million 
gallons per day) during the month of July in each of the five (5) years 
Immediately preceding the anard of a contract(s) for the constniction of 
the additional water supply facilities. 

B « The average nymber of gillons of processed water pumped daily by the 
Aqueduct to all its customers from all sources (expressed in million 
gallons per day) during the month of July In each of the years IfSl through 
1985. 

C « Same as A, except substitute the number of gallons of processed water 
pumped daily by the FCHA. 

D « Same a« B, except subftitute the number of gallons of processed water 
pumped daily by the FCHA 

t « Same as A, except substitute the number of gallORs of processed Water 
pumped daily by the HSSC. 

F « Same as B, except substitute the number of gallons of processed water 
pumped dally by the HSSC. 

- Exhibit F-1 y 

Summary of Final WMA Contract 
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Historical Incident Ramifications of Incident 



Potomac River Study Recommends 19 
Construction of 16 Reservoirs 

Report of Chief of Engineers 19 
Recommends 6 Reservoirs 

Interim Report Recommends 2 19 
Reservoirs and Advanced Sewage 
Treatment Plant 

U.S. Congress Passes Water 19 
Resources Bill 

Formation of Bi-County Task 19 
Force ^see Part C) 

Public Survey Conducted by 19 
Corps of Engineers 

Study by ICPRB and Dan Sheer 
(see Part B) 

Johns Hopkins Analysis Using 
PRISM Model (see Part D) 



Bob McGarry Joins Task Force 



E.P.A. Refuses Construction 19 
Permit for Little Seneaa 

Formation of CO-OP 



Formation of WMA Task Force 19 



Agreement Signed^ July 22 19 

Corps of Engineers' Study 19 

Finished and Submitted to 

Congress 



63 
69 
73 

74 
76 
77 



80 



81 

82 

83 



Initiated Extensive Study of 
WMA Water Supply Problem 

Unique Structure of Force with 
Politicians in Leading Roles 

Recommendations of Local Solution 
and Use of Water Conservation 

Abandoning Safe Yield for Volume 
Analysis; Theory of Reregulation 

Remodelling of Bloomington Re- 
leases; Confirmation by PRISM that 
there is Enough VTater If Only Pro- 
perly Managed 

Concepts of Drought Management and 
Little Seneca Reservoir 

Stimulated Development of Regional 
Cooperation 

Refining of PRISM Model, Incorpor- 
ation of Little Seneca into Re- 
gional Plan 

Acceptance of Regional Plan by 
Local Utilities, Politicians, and 
People of WMA 

Solution of Problem 



Exhibit P-2 \ 



Timeline of WMA Project History 
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This case examines the efforts of the Washington Metro- 
politan Area water utilities to supply enough water to its 
clients. It highlights the roles of two engineers — one who 
works for a local utility and the other whose duties at the 
Interstate Commission on the Potomac River Basin deal with 
monitoring and regulating the waters of the Potomac River 
System. 

The purpose of this case is to illustrate to the students 
the importance of considering both the technical and the poli- 
tical aspects of an engineering solution. Technologically 
this case is indicative of future water supply problems that 
today's students will no doubt encounter. As long as demands 
rise faster than new supplies can be financed and constructed, 
better management of existing systems using techniques such as 
reregulation, drought management, and computer modelling will 
become more and more essential. 

The public policy aspects of this case are just as impor- 
tant as any technological advances which were made. While the 
public policy environment is one that has an increasingly large 
impact on the activities of modern engineers, this dimension of 
engineering is rarely covered in typical engineering courses. 

There are several modes of using this case; much is delib- 
erately left to the instructor's choice. To increase the flexi- 
bility of the case and allow its use in more than one type of 
course, the case is organized to six main parts. The instructor 
may choose to omit one or more of these parts to fit the case into 
different allotted time frames and/or to provide a particular 
focus on some aspects of the case. The following paragraphs 
suggest possible classroom uses of the case. 

Possible use #1: The instructor presents the information 
contained in the case in a lecture format to outline the problem, 
and makes the entire case available for more detailed study. 
The instructor could remove Exhibit F-1 and divide the students 
up into groups representing the different positions involved and 
mentioned in the case« The groups would be required to draw up 
a contract. Examination of the case and insight into the problems 
involved would be required of the students to become familiar with 
the technical aspects of the problem, before they could discuss 
what type of contract to draw up between the groups. The last 
part of the assignment would be to have a meeting of the groups 
to decide who pays for what and who gets how much water at what 
times. They should come up with a document like Exhibit F-1, 
although it might be totally different. 

Possible use #2: The instructor describes the problem and 
discusses Parts A and B in a lecture format. Students would then 
be asked to go behond the 1990 solution to the problem. These 
solutions could be written or presented in a discussion 
format. Afterv-the discussion or collection of the written 
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solutions Part C could be discussed and made available. Stxi- 
dents could then be asked to defend the E.P.A. position or to 
try to convince the E.P.A. to change their opinion. Next Part 
D would be introduced and the students asked to come up with 
a solution proposal based upon this new information. Hopefully 
something like the CO-OP would be recommended, although leading 
the students by pointing out what some of the problems are 
might be necessary. The final resolution could then be given 
after the students have come up with their alternatives. 

Possible use #3: A basic computer simulation program 
similar to the PRISM model would be very valuable to have on 
line on a computer, especially if the students themselves were 
involved in modelling the program. This would be an excel- 
lent way to introduce students to the techniques of computer 
modelling. The running of the program could be done as a class 
demonstration or teams of students could do their own run with 
their own data. Each team could represent one of the water 
authorities involved and affected by the regional agreement. 

Possible use #4: The instructor presents the entire case 
to the students and discusses with them the management tech- 
niques used to solve the water supply problem. To give the 
students an opportunity to apply what they have learned, the 
instructor could assign them to analyze an existing water sup- 
ply system other than the WMA system.. Using the techniques 
which were instrumental in solving the WAA problem, the students 
could determine for their assigned system if there exists a more 
efficient way to manage the water supply than the method which 
is currently being used for analysis (such as independent safe 
yield analysis) • Also, it might be interesting to bring in a 
speaker from a local water utility^ to discuss their views on 
reregulation, drought management, and system coordination. 



The following questions are designed to assist in the 
dlscxisrsion of specific topics. More effective discussions may 
be generated if questions about the project are posed to stu- 
dents before they are discussed or answered in the paper. In 
this manner the approaches taken by the students and those 
actually pursued can be compared. 



4 



ECL 261N 



PART A: DEFINITION OF THE PROBLEM 

1. In the early stages of this case the public was not given 
a chance to become involved in the decision-making process 
and the plans went nowhere. Discuss the advantages and 
disadvantages of direct public involvement at the begin- 
ning of the decision-making process. 

2. The Corps of Engineers, whose business is building dams, 
is usually the organization who makes the recommendations 
pertaining to which water resource plan should be imple- 
mented for the future needs of an area. Is it possible 
that this creates a bias within the Corps when it comes 
time to decide which plan to endorse? 

3. Discuss how the plan of 1963 would have been used to solve 
WMA's water supply problem. 

4. Early estimates of the amount of minimum flowby needed 
ranged from 0 to 1200 mgd, with the final number decided 
to be 100 mgd minimxim flowby at Washington. Why the need 
for a minimxHn flowby? 

5. Earlier proposals emphasized upstream reservoirs as the 
solution. How would you convince a farmer upstream to 
flood his land so that bureaucrats in Washington can have 
a dependable water supply? 

6. How could the results of the public opinion survey of 1977 
be used towards development of a feasible solution? 

7. It is clear from Exhibit A-3 that there is plenty of water 
to satisfy all needs through 2020 even with 1930 drought 
condiitions. The only problem is that the 6500 mgd surplus 
in spring is not of much use when the 400 mgd deficit in 
fall arrives. Discuss ways to evenly distribute the water 
surplus throughout the year, so that, instead of extreme 
surpluses and deficits, a constant supply of water can be 
maintained. (Hint: The length of the critical period of 
the local reservoirs is nine months, while the length. of :j 
time that demands have been greater than Potomac River 
flows is only four months.) 



PART B: THE REREGULATION CONCEPT 

1. The WSSC and the FCWA service areas proved to be ideal for 
implementing the reregulation concept. Discuss reasons why 
these areas were so suited to reregulation. Are there ways 
to adapt "non-ideal" service areas so that they too could 
implement reregulation (for example, an area that does not 
have access to both a river and a reservoir) ? 
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2, In Exhibit why do the drought flows increase with 
increase in drought duration but decrease with increase 
in frequency occurrence? 

3, Raw water interconnections were considered too expensive 
for solution of the WMA problem. Had they been used^ 
how would they have solved the problem? 

4, Referring to Exhibit does it make a difference if 
the off-stream storage is located on the major source or 
the minor source? 

5, Dan's volume analysis showed that the WMA water system 
would have more than enough water in the year 2000, If 
this is correct, why does Exhibit B-3 show that WMA's 
water needs are only solved through 1990? 



PART C: CONTRIBUTIONS OF THE BI-COUNTY TASK FORCE 

1. The structure of the Task Force, with politicians at the 
top receiving public input and making key decisions on 
critical issues before the design process is started, was 
a major factor contributing towards solution • However, 
since engineering projects usually take time to develop 
and public officials are generally in office for only a 
short time, wouldn't leadership changes (especially party 
changes) severely prolong the design process? Also, is 
there a possibility that task force involvement could 
become a major issue in election campaigns (for example, 
"Elect me and I won't turn your front lawn into a water 
supply reservoir")? Discuss ways to prevent these pro- 
blems from happening • In this case the engineers involved 
expressed that they were concerned that this might happen, 
but luckily all major decisions were made in off -election 
years . 

2. In most engineering work the theoretical answer is calcu- 
lated and then a large margin of error is allowed for 
through a "safety factor." In drought management an oppo- 
site approach is taken, where the calculations are made 
and the amount of risk which is to be taken is determined, 
mainly to make the solution more economically feasible. 
Discuss ways to justify the amount of risk taken versus 
the amount of money saved, not only as it applies in 
drought management but also how it affects other engineer- 
ing disciplines as well. 

3. Examine the risks and the benefits involved in the three 
scenarios of Exhibit C-1. Which scenario would you choose? 

4. Discuss the problems of flexible reservoir operation, 
especially environmental problems of rapidly releasing 
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a large amount of water 

5 . What were Bob ' s options 
option would you choose. 



from a small reservoir. 

at the end of Part C? Which 
and why? 



PART D: THE PRISM MODEL 



1. Money is a very important commodity. If the total annual 
cost for the utilities of the regional plan is lower than 
the annual cost of the local plan, why didn't the utilities 
automatically choose the regional plan? 

2. The only structural difference between the local and region- 
al plans is that two different pipelines are to be built, 
one in the local plan in 1994 and one in the regional plan 
in 2017. If these pipelines are relatively equal in cost, 
then why is the regional plan one million dollars a year 
less than the local plan? 

3. Examine the advantages and disadvantages between the inde- 
pendent operation of the local plan and the system operation 
of the regional plan. 

4. In Exhibit D-1 the curve on the graph is horizontal from 
an upstream reservoir release of 170 mgd down to about 70 
mgd. Why does the curve stop sloping here when it is 
steeply sloped from 170 mgd upward? 

5. Discuss possible solutions to the problem of too much water 
being wasted from the Bloomington Dam releases. 



PART E : ATTEMPTS TO RESOLVE THE. WASTED WATER PROBLEM 

1. Why was Bob eager to implement Little Seneca Reservoir as 
part of the regional plan? Since construction had no,t yet 
begun, any potential local reservoir site could have been 
chosen to be part of the plan. 

2. Discuss the advantages and disadvantages of the two conser- 
vation theories used in this case — pliunbing codes- and price 
fixing. Why were these concepts used in place of the pre- 
viously popular theory of drought management? 

3. Compare Exhibit E-1 with Exhibit A-3, especially noting the 
natural Potomac flow line and the modified flow line which 
resulted from the regional plan. . . 
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PART F: ATTEMPTS TO REACH AN AGREEMENT 

1. Why was it so important that a neutral party, in the form 
of ICPRB, be in charge of coordinating the proper drought 
procedures? 

2. The PRISM model was important because it made people famil- 
iar with the drought operational procedure and because of 
its usefulness in helping to allocate costs. It was val- 
uable because the utilities trusted that it accurately 
reproduced drought operations. How could the researchers 
at Johns Hopkins be positive that their computer model 
dictated on paper what actually would happen throughout 
the Potomac River Basin, especially when the consequences 
of being inaccurate are so devastating? 

3. Discuss reasons for the action taken by the E.P.A. on the 
second permit review. Why didn't the E.P.A. simply send 

a letter back to the Corps of Engineers giving them their 
approval, instead of sending nothing at all? 

4. What would have happened if the WSSC had received permission 
to build Little Seneca Reservoir and had solved their pro- 
blem independently? Consequently, was the E.P.A. justified 
in their initial recomotneridation of permit denial? 

5. Examine the logic of the WMA contract of Exhibit P-l, parti- 
cularly section f. 

6. In hindsight, compare the final solution of the WMA problem 
to the previously proposed solutions of Part A. Not only 
are the cost savings significant (30 million vs. 200 to 
1000. million) , but the environmental savings are great as 
well. 



